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Feasibility Study of a Platform 
Type of Robotic Manipulators from 
a Kinematic Viewpoint1 
This paper presents a theoretical investigation on the feasibility of using a platform 
mechanism as a robotic manipulator. The existence of this type of closed-loop 
kinematic chain is first investigated via a kinematic number synthesis. A 
displacement analysis then follows, which gives inverse control equations in terms 
of motion and design parameters, using the [4 x 4] matrix method. Basic kinematic 
characteristics and limitations, such as the extreme ranges of motion and 
rotatability as well as workspace are investigated. 
1 Introduction 
Traditionally, robot arms are anthropomorphic open chain 
mechanisms. This type of manipulator usually has longer 
reach, larger workspace, and more dextrous maneuverability 
then closed kinematic chain mechanisms. However, there are 
also disadvantages. The cantilever-type of structure for the 
open manipulators inherently has poor stiffness and therefore 
has undesirable dynamic characteristics, especially at high 
speed and high loading operating conditions. In addition, 
with the exception of certain configurations [1], the problem 
of solving the inverse function in manipulator control is 
always difficult. 
Perhaps there is a possible alternative design for 
manipulators using the closed kinematic chain such as the 
Steward platform [2] and others [3]. This would be par-
ticularly feasible in applications where dynamic loading is 
severe and yet the demand on workspace and maneuverability 
is low. For instance, it could be used for development into an 
"intelligent" multi-degree-of-freedom positioner which 
would be versatile in many uses such as high precision 
machining, welding, painting, and many military ap-
plications. 
There have not been many investigations of manipulators 
with closed kinematic chain on the record. The Steward 
platform [2] which is constructed by connecting two plates to 
six adjustable legs and is a six-degree-of-freedom 6-SPS 
platform mechanism (S and P denote the spherical and 
prismatic joints, respectively), was originally designed as an 
aircraft simulator, and was also suggested for the applications 
of machine tool, space vehicle simulator, transfer machine, 
etc. Later, Hoffman and McKinnon [4] tried to simulate the 
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aircraft motion via this type platform by applying an SAP IV 
finite element program. McCallion and Truong [5] used this 
device as an automatic assembly table. They described [5] the 
mechanical hardware and the problem of path synthesis was 
also investigated. In his book, Hunt [2] adopted the Steward 
platform as a mechanism for a robotic arm. Following that 
idea, Fichter and McDowell [6] presented a review and some 
preliminary design concepts on this type of manipulator. 
Recently, Hunt [7] undertook a systematic study on the in-
parallel-actuated robotic arm, in which many possible ap-
plicable in-parallel structures were reviewed and which in-
cluded the Steward platform. 
Despite its potential usefulness, this class of closed 
kinematic-chain manipulators does have physical limitations 
which it is important to recognize so that kinematic synthesis 
methods may be developed with these constraints and 
characteristics in mind. It is, therefore, necessary to gain 
deeper understanding of this type of mechanism and to obtain 
some design and application guidelines. Consequently, a 
feasibility study of this mechanism in the light of its potential 
application as a robotic positioner is both important and of 
practical interest. 
The purpose of this investigation is to develop analytical 
methods and computer-aided procedures capable of analyzing 
the basic kinematic characteristics of the platform 
mechanism, such as the extreme ranges of motion as well as 
workspace. In particular, the objectives are: 1) to perform a 
number synthesis on the existence of a single (or many) 
platform structure(s) which is suitable for functioning as a 
robotic positioner; 2) to formulate an analytical model for 
this class of mechanism and to provide a displacement 
analysis including the solvability of its inverse control 
equations; 3) to analytically formulate the physical con-
straints of this mechanism, such as the rotatability of legs and 
ball-and-socket joints; and 4) ultimately to investigate the 
workspace and maneuverability of the mechanism. 
Although previous investigations on this mechanism have 
included certain aspects of the problems mentioned here, such 
as mobility [2, 6, 7] and displacement relationship [2, 5, 6], it 
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is believed that a comprehensive investigation of these sub-
jects, especially from the consideration of physical constraints 
and workspace using analytical and computer-aided means, is 
much needed and the effort would certainly be noteworthy. 
2 Number Synthesis 
It is well known that a mechanism which is used as a general 
robotic manipulator should have six or more controllable 
degrees-of-freedom (d.o.f.). For manipulators with ar-
ticulated configuration, in many cases of simple applications, 
the number of controllable d.o.f. can be less than six if cost 
and simplicity are a consideration. The Steward platform [2] 
has six extensible links and has six degrees-of-freedom. There 
are a few basic questions one can ask regarding the platform 
mechanism or similar mechanisms. For instance, why is it 
necessary to have six connecting legs, or equivalently, what is 
the relationship between the number of legs and the number 
of controllable d.o.f. in this type of mechanism? Is it possible 
to introduce more legs into the mechanism and yet still 
maintain six controllable d.o.f.? What is the possibility of 
having controllable d.o.f. with more than or less than six? 
This section of the paper deals with these problems. 
2.1 n-SS Platform. We begin with a discussion of the n-SS 
platform as shown in Fig. 1. Since the connecting joints 
between the legs and the plates of the platform are ball joints 
and the d.o.f. of ball joints are not controllable, we therefore 
first determine the number "n" so that the mechanism would 
have zero degrees-of-freedom. 
A general form of the degree-of-freedom equation for both 
planar and spatial mechanisms can be written as follows [8]: 
F=M/-y-i) + E/i- / , , (i) 
where 
F = the effective degree-of-freedom of the assembly or 
mechanism, 
X = the degree-of-freedom of the space in which the 
mechanism operates (for spatial motion A =6, and for 
plane motion and motion on a surface X= 3), 
Fig. 1 A 6-SS platform mechanism 
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/ = number of links, 
j = number of joints, 
/ , = degree-of-freedom of rth joint, 
Id = idle or passive degree-of-freedom. 
It is known that generally there are special geometrical 
conditions which need to be taken into consideration in the 
determination of the d.o.f. on spatial mechanisms. Special 
cases are often associated with parallel, intersecting, or 
perpendicular joint axis. Consequently, the modifying term Id 
takes care of this idle d.o.f. 
Referring to Fig. 1, we have X = 6, / = n + 2 (including n legs 
and2plates),y'=2«andy;=3 (for each ball joint, the d.o.f. is 
3). It is also noted that each pair of ball-and-socket joints 
which associate with the same leg can turn with respect to the 
axis of the leg freely; therefore, this is an idle d.o.f. which 
does not contribute to the mobility of the mechanism itself. 
Consequently, only five of the six d.o.f. of the ball joint pairs 
associate with the mobility of the mechanism. We have, 
therefore, Id = n which corresponds to the number of SS pairs, 
or the number of legs. Using equation (1), 
F=6-n (2) 
Equation (2) shows that when n equals six, the d.o.f. of the 
platform equals zero, i.e., the 6-SS platform is a structure. 
When n is less than six, we will have (6-«) uncontrollable 
d.o.f. and when n is greater than six, the structure is over-
constrained. 
2.2 n-SPS (or n-SCS) Mechanism. Since the 6-SS 
mechanism is a rigid structure, it is not maneuverable. In 
order to provide controlled motion on this mechanism, a 
cylindrical (or prismatic) joint is added to each leg. Referring 
to Fig. 2, each of these cylindrical joints can be controlled by 
a motor or linear actuator, and the length of each leg can then 
be adjusted individually. A cylindrical joint has two degrees-
of-freedom. However, using a similar argument as in the last 
section, only the translational degree-of-freedom affects the 
mobility of the mechanism and the rotational freedom is a 
redundant one. This suggests that the SCS leg in this par-
ticular case is kinematically equivalent to an SPS leg, where C 
and P represent the cylindrical and prismatic pairs, respec-
Fig. 2 A 6-SPS platform mechanism and its design parameters 
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tively. For a «-SPS platform, we have l = 2n + 2 andy' = 3«, 
therefore, 
In n 
F=6[(2n + 2)-3«-l] + X ) 3 + ^ l - n = 
-6n + 6 + 6n + n-n = 6 (3) 
The result from equation (3) shows that a «-SPS platform 
always has six d.o.f. and among them n d.o.f. are con-
trollable. If n is less than six, there exists ( 6 - « ) un-
controllable d.o.f. If n is greater than six, there exists ( « - 6 ) 
wasted controls which are needed to compensate the over-
constraints as can be seen in equation (2). Only when n equals 
six, there are six controllable d.o.f. Therefore the 6-SPS 
platform is the only mechanism of its type which can be used 
as a general robotic manipulator. 
Another interesting question could be asked. Can a plat-
form with /j-SPS* (6-«)-SS structure serve as a n d.o.f. 
manipulator for n less than 6? Theoretically the answer is yes, 
but practically it is no. The reason, which will become clear 
later, is that in specifying the leg lengths, the problem of 
identifying the corresponding position (both location and 
orientation) of the top plate would become a very difficult 
task; on the other hand, if the desired position of the top plate 
is prescribed, it is rather easy to obtain the corresponding leg 
lengths. However, this is under the condition that there must 
be six adjustable legs. We may therefore conclude that it is 
impractical for the platform type of manipulators with d.o.f. 
less than six, whereas, in contrast, the situation often is 
allowed in the articulated type of manipulators. 
3 Displacement Analysis and Controllability 
It was concluded in the previous section that the 6-SPS 
platform which has six controllable degrees-of-freedom is 
potentially useful as a general manipulating device. The 
purpose of this section is to present a mathematical analysis of 
the input-output relationship and subsequently to demon-
strate the controllability of the mechanism. 
3.1 Displacement Analysis. To analytically model a 6-SPS 
platform (Fig. 2), we shall at the beginning define the con-
trollable elements and the desired outputs of the mechanism. 
First, let the controlling of the position of the center point, p, 
of the top plate be the desired objective, i.e., the point 
represents the hand (or the end-effector) of the manipulator. 
Second, let each of the legs of the platform be adjustable and 
individually controllable, i.e., for each prismatic joint (or 
cylindrical joint), there associates with it a servomotor (or the 
like). Third, for simplicity and without losing generality, let 
both the top and the bottom plates be circular in shape with 
the top one assumed to be movable and the bottom one fixed 
and having its center at B. Furthermore, let the distribution of 
each pair of ball joints on the bottom plate be symmetrical 
with respect to each of the three radii located at 120 deg 
apart from one another on the plate. The ball joints on the top 
plate have similar arrangements. The platform mechanism is 
then an octahedron. Denoting R and r as the radii of the 
bottom and the top plates, respectively; lt through l6 as the leg 
lengths; /0 as the nominal length for all legs; and h as the 
distance between the two plates when all leg lengths are equal 
to the nominal length l0. 
To give an analytical representation of the kinematics of the 
6-SPS mechanism, the fixed Cartesian coordinate frame is 
selected at point B with the Z axis pointing vertically upward 
and the X axis passing through point Bx. The locations of the 
ball joints on the fixed bottom plate can then be established. 
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where 9 represents the angle between ball joints Bx and B2, 
-B3, and BA, and B5 and B6; and C 0 and Se represent the cos 
9 and sin 9 , respectively. 
Similarly, let a moving Cartesian coordinate frame [T\p be 
associated with the top plate, having its origin at the point p, 
its z axis normal to the plate, and the x axis passing through 
the point b{. Therefore, the relative locations of the ball 



















1/^240 + 0 >'"'5240 + 0)0] (5) 
where d denotes the angle between ball joints b{ and b2, i»3 
and b4, and b5 and b6. 
Let the point p0 and the Cartesian coordinate [T\Po be the 
position of p when the top plate is at its original (the nominal) 
position as shown in Fig. 4. The geometrical relationship 
and the fixed coordinate 
4 x 4 homogeneous 
PO between the coordinate frame [7] 
frame [B] can be represented by a 
transformation, and it is as follows: 
[71 
ô 
cosy - s iny 0 0 
siny cosy 0 0 
0 0 1 / ; 
0 0 0 1 (6) 
where y= 9 - 0 / 2 . 
Now assume the center of the top plate moves away from its 
nominal position p0 to a new desired position p and have the 
transformation 
system [B]. Let 
[7]„ with respect to the fixed coordinate 
[T\P = 
du di2 du xp 
d2\ d22 da yp 
<*n d32 d3i zp 
0 0 0 1 (7) 
Where the {xp,yp,Zp) are the Cartesian locations of the point p 
,and(rfn ,c?2i,c?3i). (dl2,d22,dn), and (dn,d23,d3i) are 
direction cosines of the axes x, y, and z with respect to the 
fixed coordinate [B], correspondingly. Therefore, the location 
of each ball joint on the moving top plate with respect to the 
coordinate frame [B] can be obtained from equations (5) and 











dnr + xp 
d2ir+yp 
d^r + zp 
1 (8a) 
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dnrCe + dl2rSg+xp 
d21rC„ + d22rSe+yp 
d3lrCe + dnrS0 + zp 
1 (8b) 
U ~(durCno+e +dl2rSm + o +xp -RCno+e)
2 
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3.2 Controllability. The controllability of a manipulator 
could be qualitatively assessed by the degree of difficulty 
involved in the solution of the inverse kinematic problem 
which is the determination of the corresponding coordinates 
of the manipulator by prescribing the desired position of the 
end-effector in the fixed Cartesian coordinate frame. For 
manipulators with articulated configuration, the 
corresponding coordinates are the rotational angles of the 
revolute joints. For manipulators with platform con-
figuration, they are the corresponding leg lengths. 
Let the desired position of the end-effector of a platform 
manipulator be [T\p. The absolute locations of the ball joint 
bj's on the top plate can be derived from equation (8). The 
required leg lengths can be obtained by calculating the 
distance between each corresponding pair of ball joints, b,'s 
and B,'s. From equations (4) and (8), we have 
I] =(dnr+x„ -R)
2 +(d2lr+yp)
2 +{.dixr + zp)
2 
l\ = (dnrCe+dnrS0 +xp -RCe)
2 
+ (d2lrCe + d22rSg+yp-RSe)
2 
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+ (.d2\rC24O+0+d22 rS 24o+< 
+ (d31 rC24o+0 + d3 2 ''S240 ̂  




2 - , (9/) 
of explicit input-output 
equations of the 6-SPS platform mechanism. For a prescribed 
end-effector position, the corresponding leg lengths can be 
readily obtained; however, the direct kinematic control 
problem is a rather difficult task since it involves the solution 
of a set of highly nonlinear simultaneous equations. The 
situation is found to be exactly contrary to the case of a robot 
with open kinematic chain. 
4 Rotatability of Ball-and-Socket Joints 
A ball joint, theoretically, can move freely with respect to 
all three Cartesian axes. In practice, however, this is not true. 
The motion of the ball joint is always restricted because of its 
physical dimensions. A ball joint usually includes three parts; 
the ball head, socket, and the connecting leg. Referring to Fig. 
3, let the radii of the ball head and the connecting leg be Rb 
and d/2, respectively. To physically hold the ball head in the 
socket, the holding width e, as shown in the figure, must be 
greater than zero. Let a denote the rotation angle of the joint 
on the XZ plane, the rotational limits of the angle a can be 
determined as follows: 
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Fig. 3 The principal cross-section of a ball-and-socket joint 
z 
Fig. 4 A 6-SPS platform mechanism with ball joints evenly distributed 
y • - I K 
£ = sin ' — 
Rh 
(10) 
P=( — - o j + s i n - 1 — (11) 
V 2 J Rb 
For free rotation, p should be less than or equal to 7r/2-£; 
from equations (10) and (11), we have 
( — - a l + s i r r 1 < — 
V 2 / R 2 RH 
or 
a>s in ' -— +sin ' — (12) 
2Rb Rb 
The complete rotational range of a on the XZ plane is, 
therefore, 
. - ( . 
e \ — >a>sir s m - i + s i n ~ ' i ^ ~ ^ - . r , - i . — i 
2Rb 
•  „ (13) 
2R„ Rb 
Equation (13) is useful. It represents the physical constraints 
Fig. 5 A planar four-bar mechanism with two adjustable links 
of ball joints and provides some practical design guidelines 
for these joints. 
5 Workspace and Maneuverability 
The problem of analyzing the shape of the workspace of a 
6-SPS platform manipulator is a rather difficult one. In 
addition to the inherent complexity in dealing with spatial 
geometry, the mechanism is characterized by its multiloop 
structure and its displacement behavior which involves a set of 
highly nonlinear simultaneous equations. For simplicity, 
consider, therefore, a special case2 in which all ball joints are 
evenly distributed along the peripheries of both the bottom 
and the top plates (i.e., both angles 9 and 6 are of 60 deg) as 
shown in Fig. 4. The basic approach employed is to in-
vestigate the workspace of this mechanism from its cross 
section on three particular planes. Referring to Fig. 4, these 
are the XZ plane which contain the ball joints Bxbxb4B4 and 
the planes formed by turning the XZ plane with respect to the 
Z axis with an angle of 60 and 120 deg, respectively. To 
further simplify the problem we consider a special case 
wherein the motion of the top plate of the mechanism is 
allowed only to rotate with respect to the Y axis, i.e., the 
rotatability with both X and Z axes is restricted. The problem, 
therefore, is reduced to finding the reachable space of the 
center point, p, on the coupler of a planar 4-bar mechanism 
(as shown in Fig. 5) with adjustable link lengths, /, and /4, 
subjected to various constraints such as the extreme limits of 
all legs and the rotatability of all joints. In the following the 
displacement equation of this planar adjustable 4-bar 
mechanism is first derived. The interference conditions are 
then considered. 
5.1 Displacement Analysis of A Planar 4-Bar With Ad-
justable Links. Figure 5 shows a planar 4-bar mechanism with 
adjustable link lengths, /, and /4. A coordinate frame, [B], is 
located at the point B with Z axis pointing vertically upward 
and the X axis pointing horizontally left. Bu bt, b4 and 5 4 
represent four ball joints. The link lengths of the coupler and 
the fixed link are the diameters of the top and the bottom 
plates, i.e., 2r and 2R, respectively. The coordinates of the 
fixed ball joints, Bx and 5 4 , on the bottom plate are (R,0) and 
( - ^?,0), respectively, and coordinate of the moving ball joint 
bx on the top plate is (R - lx cosa,, /, sinaj). Specifying values 
of the input parameters ax, lx, and /4, then the outputs which 
are the corresponding coordinates of points b4 and p, and the 
corresponding angles of <j> and a4 can be found. It is our 
purpose to derive the closed form input-output displacement 
relationship. 
Equating the distance between the two ball joints, bx and 
b4, to the length of the coupler, 2r, we have 
It is worth noting here that there exists a special singularity condition for 
this evenly distributed case, for which the degrees-of-freedom analysis 
presented in Section 2 is not applicable. It is the position that all lengths are 
equal and both the bottom and the top plates are parallel. This condition is 
similar to the well-known case of the 4-bar parallelogram with an additional 
link of equal crank length connecting the middle points of the couple and the 
frame. In this case of special proportions of links, the general degrees-of-
freedom equation usually does not apply. 
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J2 <->3 
Fig. 6 Geometrical parameters of the platform mechanism 
b4bx
2= (x4-R + lxCaY+(z4-hSa.)
2 =4rz (14) 
Equating the distance between the ball joints b4 and B4 to 




Subtracting equation (14) from equation (15), we have 
(15) 
Z4 = 




/ f + / j - 4 r 2 - 2 ^ / l C a , 
2/ ,S a i 
*4 (16) 
(17) 
2 / ? - / ,C n , (18) 
(19) 
then we have 
z 4 = P - © x 4 
the coordinates of point b4(x4 ,z4) can be solved explicitly and 
- (R - PQ) ± J(R-PQY~-(\+Q2)(P2~+Ri-li) 
X4 (20) (l + G2) 
Subsequently, the coordinate of the pointp(xp,zp) is given by 
x4+R-lxCa 
and 
_ z4 +/|-Sa | 
The corresponding angle a4 can be obtained from 
(21) 
a4 = tan" 
z4 (22) 
x4+R 
The corresponding tilt angle of the top plate, 4>, is given by 
* = t a n - ' - ^ ^ - (23) 
« — I |LO| — * 4 
Equations (19)-(23) represent a set of explicit equations 
defining the displacement of a planar 4-bar with adjustable 
link lengths/] and/4 . 
5.2 Motion of the Top Plate With Constraints on the 
Fig. 7 A method to determine the distance B2D2 
Extensibility of Legs. For a 6-SPS mechanism, each leg is 
limited by its extreme extensible length, i.e., /,-min < / ; < / m a x . 
Assuming all legs have the same limits of length, the motion 
of the point p (equation (21)) is then constrained by the ex-
treme lengths of the legs, b1B]b2B2tb3B3 and b4B4, i.e., 
Imm^h.h.hA^lmt* (24) 
Since the top plate is symmetric with respect to the XZ plane, 
the legs b5B5 and b6B6 are mirror images of the legs b3B3 and 
b2B2, respectively. Therefore they are not included in this 
discussion. 
For a given leg length lx and /4, it is necessary to know 
whether the corresponding leg lengths l2 and /3 are within the 
extensible limits. Referring to Fig. 6 we have, 
/ 2 = ^ 2 + ^ 2 (25) 
where the a points represent the projections of the b points on 
theXYplane. The distances 5;«,2 and-B,o,2 are given as 
follows: 



















bxax = z4+2rS$ 
b2a2 = z4 + l.5rS<t> 
b3a3 = z4+O.5/\S0 
b4a4 = z4 (27) 
where the tilt angle, <j>, of the top plate is given by equation 
(23). The desired corresponding leg lengths, l2 and /3, can then 
be calculated from equations (25)-(27). 
5.3 Rotatability of Ball Joints on the Bottom Plate. The 
workspace of the center point, p, of the top plate (equation 
(21)) is the space bounded by all the constraints attributed to 
the ball joints, as given by equation (13), in addition to the 
constraints due to the interferences of links. The 
corresponding angles of the ball joints on the bottom plate 
can easily be derived in terms of the known parameters, a, , 
lx, and l4. Referring to Fig. 6, 
a, = tan" (28) 
where the angle a4 can be calculated from equation (22). 
5.4 Rotatability of Ball Joints on the Top Plate. Referring 
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Fig. 8 The boundaries of workspace on the XZ plane 
to Fig. 6, the position angles of the ball joints on the top plate, 
i.e., the /3's, are the angles formed by each of the legs with the 
top plate. We have 
ft =«!+</) 
PA=ABS(uA-4>) (29) 
where <j> is the tilt angle of the top plate. The position angles 
(32 and 03 , however, do not have a simple relationship. The 
derivation of them first requires determining the distance 
between the ball joint B2 (or B^) and the plane containing the 
top plate, i.e.,B2D7 (or B3D3) (Fig. 7). One way to find the 
distance B2D2 is to analyze the geometrical relationship of the 
project of the triangle B2b2D2 on the plane, denoted as plane 
A, which is parallel to the XZ plane and contains the line 
B2D2. The distance B2D2 can therefore be obtained from 











+ 4> X= 7T - ABs\tan 
L b{E2 -
The position angle of the ball joint b2 can then be calculated 
/32=sin- (31) 
Similarly, the equation of the position angle of the ball joint 
fr3 can be obtained as follows: 
• - l * 3 g 3 (32) 
where 
from 
B3D3 = V(z4 + O.SrS^,)
2 + (O.5rC0 +>4 + 0.5fl)
2sin\ 
Having analytically developed the necessary kinematic 
relationship of this special 6-SPS mechanism, we are now in a 
position to develop an algorithm to numerically outline the 
reachable boundary of the mechanism on the XZ plane. 
6 A Numerical Algorithm 
An algorithm for detecting the reachable boundary of the 6-
SPS mechanism on the XZ plane is presented as follows: 
1. (a) -Scan the angle aj within the physical rotational 
limits of the given ball joint, 
(b) -Scan the lengths /, and /4 within the specified 
extensible limits of the legs, 
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2. For a particular set of a, , /, , and /4: 
(a) - Check the limits of the corresponding leg lengths 
l2 and /3, 
(b) -Check the limits of the corresponding ball joint 
angles, i.e., a's and /3's. 
If out of the range then go to Step 1, otherwise continue. 
3. Calculate the desired position of the center of the top 
plate, i.e., p(xp,zp) and record the extremes on a data 
base. Go to Step 1 until all scanning processes are 
complete. 
4. Outline the workspace boundary from the recorded 
extremes. 
A computer program which is based on the analytical 
formulations and criteria derived in this investigation, and 
which is written in FORTRAN, is developed. Given a 6-SPS 
platform with evenly distributed ball joints, the program 
outlines the boundary of the workspace on the XZ plane of 
the center point of the top plate. Inputs of this program are: 
the width of the hold of the ball joints (e), the radius of the 
ball head (Rb), the diameter of the connecting legs (d), the 
extensible limits of the connecting legs (/max and /min)» the 
radii of the top and the bottom plates (r and R), and the leg 
lengths / ] , /4. The scanning interval of the joint angle o>\ needs 
to be specified. 
Four practical examples are given to demonstrate the range 
of the workspace and the maneuverability of this type of 
mechanisms. 
Case 1: A platform mechanism has the following 
dimensionless design parameters: /max = 15, /min = 10, r = 2, 
R = 5, and the ball joint dimensions are e = 0.1, Rb =0.5, and 
d = 0.2. Using the algorithm, the cross section of the 
workspace on the XZ plane is shown in Fig. 8(a). 
Case 2: All design parameters remain the same as Case 1 
except the width of the hold and the diameter of the con-
necting leg of the ball joint are reduced to half of the original 
values, i.e., e = 0.05 and d = 0A. The cross section of the 
workspace on the XZ plane is given in Fig. 8(b). 
Case 3: All design parameters are the same as Case 2 
except the radius of the top plate is reduced to half of its 
original value, i.e., /•= 1. The cross section of the workspace 
on the XZ plane is given in Fig. 8(c). 
Case 4: Repeat the same design parameters as Case 1 
except the radius of the top plate is now reduced to half of its 
original size, i.e., r= 1. The cross-section of the workspace on 
the XZ plane is given in Fig. 8(d). 
7 Conclusion 
This paper provides a basic kinematic investigation on 
platform type manipulators. It is found that the 6-SPS, or the 
Steward platform appears to be the only mechanism of its 
type that can possibly be adopted as a general maneuverable 
device. The analytical model and inverse control equations are 
derived. Although the complexity of the model, and the 
solvability of the inverse equations are more favorable as 
compared to a six-joint articulated robot, the workspace and 
the maneuverability seem to be relatively restricted. This is 
expected and due mainly to the multiloop structure and the 
interference between the ball joints, legs, and plates. Unlike 
some previous studies [5, 6] in which ball-and-socket joints of 
the platform mechanism were replaced by two revolute joints 
in their analytical model, this investigation considers the 
rotatability of the ball joints and its formulation is believed to 
be of new and practical significance. The result of the in-
vestigation on workspace, performed in a special case, 
represents an upper bound for our design considerations. 
It should be noted, however, that this investigation only 
concerns a kinematic viewpoint. An investigation of the 
statics and dynamics of this mechanism, which are currently 
underway, is essential for the practical application of this 
platform. The result of this research, it is hoped, will con-
tribute toward a basic understanding of the limitations as well 
as the potential usefulness of this type of manipulator. 
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